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REMARKS 

Applicants respectfully request reconsideration of this application in view of the 
following remarks. 

I. Status of the Claims 

Claims 1 and 44-99 remain pending in the application, and are not amended. Claims 

I. 44-55, 63-76 and 84-85 are under examination, while claims 56-62, 77-83 and 86-99 are 
withdrawn from consideration. 

II. S 112, First Paragraph, Rejections 

The claims were rejected under 35 U.S.C. § 1 12, first paragraph, for alleged lack of 
support for the exclusion of alum. The Examiner alleges that the portions of the specification 
disclosing alum as an optional component do not support the exclusion of alum, but this 
position is directly contrary to the MPEP. As pointed out in Applicants' previous response, 
MPEP § 2173.05(i) explains that, "[i]f altemative elements are positively recited in the 
specification, they may be explicitly excluded in the claims" (emphasis added). Thus, the 
language excluding alum in claims 1 and 64 is fully supported by the application as filed, for 
example, at page 26, line 19. Applicants therefore respectfully request reconsideration and 
withdrawal of the §112 rejections. 

III. The Claimed Invention is Novel 

Claims 1, 44, 46-55, 64, 66-76 and 85 were rejected as allegedly anticipated by 
Simmonds A (WO 94/25602; §102(b)); Simmonds B (U.S. Patent 6,881,821; § 102(e)); or 
Sinmionds C (U.S. Patent 7,198,892; §102(e)), in light of teachings by Sjolander (1998). 
Applicants respectfully traverse these rejections. 

The rejected claims are directed to "an immunogenic complex comprising a 
negatively charged organic complex and a charged antigen, which organic complex and 
antigen are electrostatically associated," and wherein the charged antigen comprises one or 
more polypeptides from a specified region of HCV, and to compositions comprising such a 
complex. This subject matter is not taught or suggested by the cited references. 
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Simmonds A-C are directed to "a previously unknown type 6 variant of HCV," and to 
peptides that are described as being type-specific to HCV-4, HCV-5, and HCV-6. Thus, the 
focus of Simmonds A-C is the description of these peptides per se^ not their formulation into 
novel immunogenic complexes, as claimed. The only portion of Simmonds with any 
relevance to the present invention appears to be that cited in the Office Action, i.e., page 24 of 
Sinmionds A, column 10 of Simmonds B, and column 11 of Simmonds C, As noted by the 
Examiner, these portions of Simmonds state that the disclosed peptides "may optionally be 
attached to a particulate structure, such as liposomes or ISCOMS" (emphasis added). This 
teaching, however, does not anticipate the present invention, because it only suggests 
"attaching" the peptides to an ISCOM, not preparing an electrostatically associated complex, 
as recited in the instant claims. 

As explained previously, in the claimed complex, there is an electrostatic association 
between the negatively charged organic complex and charged antigen, which involves an 
ionic bond. There is no teaching or suggestion in Simmonds A-C of forming an electrostatic 
association between its peptides and ISCOMs via ionic bonds, or other electrostatic means. 
To the contrary, as of the 1994 filing date of Simmonds A-C, those skilled in the art would 
have xmderstood the teaching of peptides "attached to a particulate structure, such as 
liposomes or ISCOMS," to implicate non-ionic bonding. For example, Barr et al., Adv, Drug, 
Deliv, Rev. 32: 247-71 (1998) (copy attached), discusses the incorporation of non- 
amphipathic molecules (e.g,, peptides and proteins) into ISCOMS in section 4.2, at page 254. 
The authors note the difficulty of doing so, but cite Lovgren et al., "Antigenic Presentation of 
Small Molecules and Peptides Conjugated to a Preformed Iscom as Carrier," J, Immun, Meth. 
98: 137-43 (1987) (abstract attached), for reporting methods of "chemically coupling peptides 
. . . onto preformed . . . ISCOMs." Thus, the skilled artisan reviewing Simmonds likely 
would have xmderstood the reference to peptides "attached to . . . ISCOMS," to refer to 
covalent attachment, as illustrated in Lovgren and Barr. 

For at least these reasons, Simmonds A-C fail to teach a complex or composition 
meeting every limitation of the rejected claims. Thus, the §102 rejections are improper and 
should be withdrawn. 
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IV. The Claimed Invention is Non-Obvious 

Claims 1, 44-55, 63-76 and 84-85 were rejected xmder 35 U.S.C. § 103(a) as allegedly 
obvious over Simmons A-C in combination with Cemy (1995). Applicant respectfully 
traverses these rejections. 

The inability of Simmonds A-C to teach or suggest the claimed invention is shown 
above. While Cemy is cited for teaching HCV T-cell epitopes, combining Simmonds A-C 
with Cemy does not resolve Simmond's inability to teach or suggest the claimed 
immunogenic complexes. In particular, combining Simmonds with Cemy still leaves the 
skilled artisan with no guidance to form "an immunogenic complex comprising a negatively 
charged organic complex and a charged antigen," wherein the "organic complex and antigen 
are electrostatically associated." Because no cited combination of references teaches or 
suggests such an immunogenic complex, the §103 rejections are improper and should be 
withdrawn. 

IV, Concluding Remarks 

Applicants believe that this application is now in condition for allowance, and an early 
notice to that effect is earnestly solicited. 

Should there be any questions regarding this submission, or should any issue remain, 
the Examiner is invited to contact the undersigned attorney by telephone in order to advance 
prosecution. 
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The Commissioner is hereby authorized to charge any additional fees that may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, 
to Deposit Account No. 1 9-0741 . Should no proper payment be enclosed herewith, as by a 
check or credit card payment form being in the wrong amount, unsigned, post-dated, 
otherwise improper or informal or even entirely missing, the Commissioner is authorized to 
charge the unpaid amount to Deposit Account No. 19-0741 . If any extensions of time are 
needed for timely acceptance of papers submitted herewith, Applicants hereby petition for 
such extensions under 37 C.F.R. §1.136 and authorize payment of any extension fees to 
Deposit Account No. 19-0741. 

Respectfully submitted. 

Date 

FOLEY & LARDNER LLP 
Customer Nvimber: 22428 
Telephone: (202) 672-5475 
Facsimile: (202) 672-5399 





Beth A. Burrous 
Attorney for Applicant 
Registration No. 35,087 
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.1. IntroUiiction 

Saponins arc a heterogeneous group oC sicn^l 
glycosides and Ivilcrpenoid glyco.sides that arc pres- 
ent in a wide range (^f plan! species where they arc 
disiribiiicd ihroughoiil Ihc bark, leaves, slcnus, roois 
and even llowers While Ihcir basic lunciion in 
plants is unknown, ihcy are known lo iniiibit mould 
and proiccl planis from inscci aKack. In addilion, 
saponins arc anli-nncrobial and can be a source of 
mono.saccharides |21, Saponins have long been 
known U) possess proixrriics oseful lo nutn and were 
u.sed by Australian Aborii^inals lo harvest fish and 
snails 13|. Trilei penoid saponins arc still widely used 
conimcrcially Tor iheir dctcrgcnl properties as cheap 
Ibaining agenis (/s:ipon' soap) and, in a reiurn (o 
one of Iheir more iradiiional applications, saponins 
are used in Africa (o kill infected snails and prevent 
ihe transmission of schisiosoininsis |4|. It was I'-iS' 
piiu-i's j5| incliisic^n ol' saponin imo a vclerinnr)' 
vaccine iri ihc \9M)< thai revived the tisc of saponin 
as tin adjuvant. A closer analysis of Jispinors work 
by Dals/.;aard Ki| revealed (hal the only scutrce of 
saponin which was efreciive in the trials had been 
obtained from ihe bark of the QniUiiu! (also spell 
QitiUaja) sapoiuniti Molina tree (trilerpene 
saponins). Sitice ihis lime a nmnlx^r of purilicalion 
UKMhotls have !:)een applied to crude Quillaia 
saponins in an aiicmpi lo separate the adju\ani active 
cornponenis from the toxic ones. Another approach 
U) (nercoming the toxicity has been the ineorp<iration 
ol* the .saponin into lipid particles known as Immuno- 
.stinuilaling (Complexes or ySC(")Ms |7|. 

Trends in modern vaccine development towards 
the use of highly i^urilied recombinant prolein.s, 
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which are often poorly innnunogenie when given 
alone or in combination wilh aluminium sails, have 
driven research on saponin adjuvants. Also, there is a 
need with .some vaccines to induce an immune 
response capable of eliminating virus infected or 
malignani cells. This is an activity which .saponin 
based adjuNanls, bui feu others, appear to possess. 
This feaiuie is tlue lo ihc ability of saponins to 
stimulate the cell mediated arm of the immune 
system as well as enhancing antibody prodnclion. 
The focus of I his review will be the recent work on 
ISCOMs, QS-21 ai^d other saponin based adjuvants 
wilh an emphasis on ihe recent developments includ- 
ing their mode of action, f-or other reviews of 
ISCOMs and QS-2i, the reader is directed lo the 
following references IX- 131. 

2. Source, puritkalion and lurmuhition of* 
saponins 

Saponin is commercially obtained from four major 
sources: Sfnilax ovnaKi (snrsapinilla).. (}ypsf)phiUa 
paninddfa (brides xeil), Sapo/ioria ojjiri-nnnlis (soap 
roof) and Qiiillaui sdiyniuwia Molina (soap bark). 
The saponin conient of bark, is approximately 5% by 
vveighl. Rxlraelion of Iho bark with a()ueous solutions 
yieUls a colored mixture of saponins, polypheiK^ls 
and tannins, in the case of QifiUaia saponnna 
Molina, saponins represent only 20 25^^^ of the 
extraclable material 1 1 1 1. Cotifusion wilh respecl lo 
ihe source of die saponin ami ihe variable eonleni of 
snponin in extrncis, explains much of the reporicd 
variation in adjuvani activity. In an eflwt lo over- 
come this variability, Dalsgaard |I4| utiii/ed anion 
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exchange niul gel lillralion lo purify Quillaia 
saponins imo a jVaction he lenncd Quil A, which is 
highly Jidjuvani active. Tliis process was .siibsequcnl- 
ly developed eomincrcinlly by Superfos (Denmark) 
and ihis pmKied material is used in a number of 
vclerinary vaccines ( 1 51. Qiiil A was standardized 
for tritcrix^noid saponin conlcni and had predictable 
adjuvant activity with less local toxicity in cattle than 
an equivalent amount of crude saponin [14]. 

While being suitable for veterinary applications. 
Quil A was less satisfactory for human applications 
as it, and other similar preparations, were found to be 
a heterogenous mixture of saponins when analysed 
using High Performance Thin I.aycr CIiron\alog- 
raphy (HP-TLC) and Reversed Phase High Per- 
formance l.j(|uid Chromatography (F<P-FIPLC). 
Three clas.ses of saponin were idcntiDed by Karinig 
and Ri |;i6|, seven by Higudii ei al. [17K 17 by 
Marharaj el al. |18|, 22 by Kcnsil er al. | 19.201, 23 
by Kerslen el al. |2I,22| and .^0 by So cl at. |2.^|. 
The exisience of many iliffercni saponins, which 
vary in their chemical or biological activilics. makes 
characicrisalion of the material difficull and more 
importantly, may lead to unpredictable effceis in 
vivo as a result <^f il^e variable content of the 
individual saponins in the mixiun?. 

Kcnsil |19,2()| iileniilicd adjuvant aciiviiy in 10 of 
ihe iVaciidns tested, includin^^i ihe four most abundant 
saponins, lernuxl QS 7, 17. 18 and 21; the numbers 
correspond to their relative elulioi] time which is 
dependant on their degree of hydrophobiclly using 
C,, resin wiih RP -MPl.C. When iliese fracitons uere 
(esied v.-iih bovine scrum albunun (BSA) and cyio- 
chronii: f<ir ihcir nbiliiy to enhance serun^ imti- 
body levels, equally high liircs v\eve o!>iaino(l Inr 
QS-7, 17. 18 aitd 21. There were, however, some 
<liffcrenees between Q.S-7 and QS- l?. 18 and 21 in 
the levels of n)ousc l.uC> subclasses induced. 

Chemical and physical analysis showed that ihese 
major fraciions of crude sa|.>on)ii had ni(,)lecMlar 
vvcighis of between ISOO and 2200 with their si/e 
varying upon ihe particular composition of monosac- 
charides, fiy fast atom bombardmcni ma.ss spec- 
troscopy (r-AB-M,S), Ihe ion nuts.ses of QS-17, IS 
and 21 were 2.^21, 2174 and 2012 respcelively |24|. 
Similarly, Higuchi el al. [251 calculated the nioleeu- 
lar Vv'cight of QSIIi. which is equivalent to QS^17. as 
2296 from which the molecular weights of QS-18 



and QS-21 can be calculated as 2150 and 1988 
respectively. Kerslen [22J claimed that all 23 frac- 
tions separalcil by RP-HPLC using C,s resin had 
adjuvant activity. Morein et al. [26] descriM the 
purification of three saponin components to high 
purity. These fractions, which he designated B2, B3 
and B4B with molecular mas.ses of 1988, 21. SO and 
1862 respectively, are probably equivalent to Q.S-2I, 
QS-18 and QS-7. While all three molecules bouml 
cholesicroL only B4B formed typical LSCOM-Iike 
particles. The B3 fraction was found to be the most 
potent as an adjuvant and B4B the least potent |26|. 

In studies ctuxied out by Ronnberg et al. |27], the 
chantcterislics of three different fraciions of 0"il A 
were examined, after purification by RP -MPLC. One 
.sequence of fiaciions was eluted early and was 
termed QH A while a further two sequences of the 
more hydrophobic fractions were cluled later and 
designated as QH-B and QM-C. Adjuvant activity 
was delermined by subculaneous injection of mice 
with 10 of QH-A. B or C mixed with I |xg of 
A/PR8/.14 inlUien/.a micelles (llu-m). All fractions 
were adjuvant active wiih ihe highest liters of 
antibody induced using (he QH B or QH-C while 
QII-A was somcwhai less poicnt. This study was 
(bllowetl by pre-c:linical loxiLology testing ajid ani> 
mal lesiing using a comhinalion of .seven parts QH- 
A, 0 parts QH B and Ihree parts QII C. uiaierial 
known as QII..703 or ISC()PRni>'^'703, (Iscotec 
AB. Swetlcn). This mixture may havv^ Ivcn de- 
veloped (o mimic the natural ralios of Q IT . A: QH-C. 
I'ound in Quil A while excluding Ihe mure u:ixic 
QH-B C(>u)ponenis. 'I'his mixiurc was found in be 
adjuvant acli\e ;md showed cnhancal luioiicukin Uv 
(.IL-(tv) production l)y murine periloucal cells, 
wheieas other QH coiubinalit>ns were less active 
|28j. A Hsi of the ims\ .studied purilied .saponins, 
(heir synonyms and son>e of iheir features are 
simimarised in Table 1. 

Two inieicsiing ali.ernali\es lo the use of bark 
frotn malm-e Quilfaia snpntuuin Molina trees have 
been suggested by Dalsgaanl |29|. The fust sug- 
gestion was the u.se of young planis, less ihan i:S 
years old, for saponin purilicalion as ihe.'sc extracts 
were founii to be less helcrogeneous than those 
obtained from matme bark extracts. A second sug- 
gcslion was the use of in vitro plant cell cultures of 
QuUlaia sapomuiu Molina cells as a source ol' 
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Tabic I 



Siiniinary of the. piMificd snponiiis 


terminology iiml fciUuivs 




Nome 


Synonym 


Molecular weight 


Fcfliures 


RcfcirncCtS 


QSIII 


Q.S-17 


22% 


Ailjuvanl aclivc 


(19,251 


QS-7 


B4B 


1862 


Adjuvant nclivc. forms IS(!()Ms, very low toxicity 


(19.26] 


QS-18 


Qumlri L B3 


2150 


Adjnvani active, forms ISC^OMs, toxic. 


(19.26,291 


QS'2l 


Qu.'uhi 2. \n 


1988 


AOjtivnal nclivc, forms ISCOM.s, low toxicity 


(19,26.29] 


OS- ) 


QS2IH, Q»iKlri2A 


1590 


Obtnined by mild alkaline hydrolysis, low ndjuvsmt Jicliviiy 


[17.20,29] 


DS-2 


QS18H, Ouadri lA 


1752 


()bininc<l by mild nlkaline hydrolysis, low adjuvnot ncllvily 


[17.20.29J 


QS-957 


Qiuuin 113 «r2B0.S-M 


957 


Obiaiiicd by simng alkaline hydrolysis, low /no ndjiivniu acHviiy 


120.23.29.36) 



saponins. This opens the possibility that saponins for 
huinat\ rherapculics may one ility be derived from n 
dclinetl master cell banic ralher than being dependent 
upon natural sources^ allhoiigli the commercial via- 
bility of this process has yet to be established. 



3. Stnicttiral and functional analysis of pnriflecl 
Quillaia saponins 

'I'ht: chemical slriictiircs of the Quillaid sa)X>nins 
arc hi^»hly complex with many opportunities lor 



divcrsiiy. RP--HPL,C analysis has revealed up to 30 
components in preparations of Quillaia saponins 
such as Qui! A [231. is likely that ihc true nun^bcr 
of variants would exceed 100 if all conformational 
isomers were produced. The first complete structural 
analysis of a Quillaia saponin was carried oul by 
1-Iiguchi et al. 1988 |25| for a molecule they termed 
QSllI (Fig. 1). This molecule is now known to be 
identical to QS-17 |30| as described by Keiisil el al. 
1988 |20| based on chromatographic and carlxihy- 
drstle analysis. QuiKaia saponins have a five ringed 
quit laic acid backbone v/ilh siiKill carbohydrate 




l-ii;. I. Propo.^cd strucnnv. of Q.SIII (QS-17) adaptcil from UiiMichi oi al. 125}. 
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cluiins, consisting of iwo lo (ivc sugar unils, fitlncliecl 
at ihc 3' and 28' carbons of quillaic acid and are 
frequently branched f3I |. Attached to the fucosc first 
sugar unil at ihe 28' position of the carboliydrale 
chain is an 18 carbon acyl chain with a snjall 
carbohydraic chain, consisting of one or two sugar 
uniis. at its terminal end. The major areas of 
chemical diversity arc listed in the following 6 
suhscctiojis. 

/. Hmtwhed cayhohydratc at the C3 posiiion 

Until recently, this position was considered con- 
stant. However Giio el al. 132] ideniilied two new 
structures where xylt>se is cither absent or replaced 
with rhamnosc. These were isolated from QH-A or 
from a mixture of QM-A and QH-C after strong; 
alkaline hydrolysis. The three variants were present 
in approximately ecjual quantity. Although the di- 
saccharide could |>ossibly be argued to lie a break- 
down product. Ihc replacement of a pentose with a 
deoxyhexose must occvn' during synthesis. Modi- 
licaiion of the carboxyl group of ll)e glucuronic acid 
1 33 1 caused a minor to subsianlial effect upon 
adjuvant activity, depending upon the nature of ihc 
.substitution. Il appeared possible that the decrease in 
adjuvant acti\ ity was grcalcr as Ihe charge changed 
from negative to neutral lo positive as a result of ihis 
chemical mtxlilicalion. The elTeci of these changes 
on hemolytic activity to sheep re<l blood cells 
(.SRBC) was small. 

rhc. rarhohydiaic- 4 in tin a I C2tS 

('onsiderahle Nariation ha.'- bi^:ii iopnruul \\\ 
carbohydrate chain al ol" ihc (jiiillaic aeid. Kcnsil 
el al. \}A\ and Soli>sH< ci I.^M itlenlilicd QS-2I-- 
VI and QS-2I-V:> as luodilTeronl compoimds which 
c<v.puriHcd by KF» -IIIM.X: |20| but could be separated 
by hydrt)p!illtc inlcraciit^n chronialography. l-ach has 
a leira-sacchariilc chain wid^ lerniinal apiose and 
xylose resjxx'tively and exist in a rati<^ of 2:1 |.>6|. 
I3oih have similar adjuvant activity |34|. .Sinnlar 
diversity was reported by Dalsgaard [291 for Quadri 
2, a saponin fraction thought to be identical lo 
QS'2I. In addition, he observed two other molecular 
species from this IIP1..C Fraction, one with a trisac- 
charide al the C:28, Quadri 2-tri, and aiunher un~ 
characiori/.cd. 



The other region of variation Involves the addition 
of glucose in I -> 3 conlignration to rhamiiosc to 
create a branched chain which is present in QS-18, 
equivalent to Quiulri -U and OS-17, equivalent to 
QSITI. This single addition to the molecular structure 
leads to a sulisiantial (at least six-fold) increase in 
lethal toxicity in mice 119,291 but a two-fold reduc- 
tion in hemolytic activity (I9|. Adjuvant activity 
however was little changed by this modification 
119.29]. 

.1.7. The nantrc of aitachimmi of ihc acyl vham fo 
fucosc 

This was initially identilicd 125J as a 3' attachment 
for QSIII and sul^seciuenlly presumed to also apply to 
QS-IH and QS'-2I |24J.* More recently |301 two 
regioi.somers, QS-21A and QS-21B widi 4' and 3' 
nitachmcni respectively ha\c been described. Al- 
though ihe.se iv/o isomers can be separated by RP- 
IIPLC, they rapidly re-C()tiilibraic lo a ratio of A:B 
variously reported as 20:1 |3()1 or 4: 1 |;>6t. equilibra- 
tion being eon^pleie after 100 min al }T(\ pM 7,4. 
Commercial QS-2\ is QS-2IA. 13oth isomers are 
reported \o be o\' similar adjuvant aclixily but die 
rapid isomerisatii>n |)revenls mcaningjul measure- 
ment of this pro|x;rly |36|, 

X'l The Icni^ih nf ihc acyl chain 

lliguchi ct al. |!7) prepared a scnil-puriiicd Quil- 
laia saponin mixuu'c, v.hich showed seven spots by 
niVl l..C\ and subjected Ihis \o mild alkaline hy- 
drolysis to yield iwi) products • DSI and 1)S;?. 
^vhicl1 were siibseqt)cnd\- slu)S\'n lo he identical to 
OS -2 I I K or Quadri-2A, and QS-i8) l. or Quadri- 1 A. 
rcspcciively |20-29l. These slruclurcs result from 
ester hydrolysis at position I (l-'ig, l>, and dilTer only 
by ihe presence, or absence, of glucose. l)S-l aiul 
OS -2 can also be identified iji Quil A 12^1. In limiicd 
studies |2t)| deaeylaiion was shown to substantially 
reduce the adjuvant aeiiviiy of QS-IH and Q.S-21. 
Strong alkaline hydrolysis of cither DSl or 1).S2 (171 
yielded a single compound by hydrolysis al position 
2 (see Fig. 1), which is ideniical lo Quadri- IB and 
2B 1291 and QS-9.S7 1371 and QS-Ll |231. This 
molecule is generally considered lo lack adjuvant 
activity although So el al. |23| demonstrated activiiy 
in synergy with alum. They suggested die r<ile of the 
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acyl cliain may be lo bind or associate with antigens 
ihroui^h hyclropliobic inmraclions. 

Basc-catti)yse<l ester hydrolysis lias been shown to 
occur at pll above 7.0 and the shelf hl'e at pH 7.4 
and was estimated lo be 24 days [36]. QS-21 
was more stable above its crilical micellar coii- 
ccniration (CMC) presumably because the ester 
group was hidden. Similar studies with Quadri~2 
ISCOMs have shown no alkaline hydrolysis occurred 
even at pH 9.0 (K. i:)alsgaard, personal communica- 
tion), presumably because the susceptible csler bond 
is hidden. As acid catalysed ester hydrolysis can 
occur below pH 4.0. Cleland et al. |36| recom- 
mended storage at pll .5.5. 

The chemical characterisation of QS-7 has not yet 
been described. However its molecular wcighi of 
around 1870 |34|, sulistantially reduced hydropbo- 
bicity 1 19| and lack ol arabinose |20] suggest it may 
be a partially deacylaied QSllI or QS-18 with ester 
liydrolysis at posilion 3 (Fig. 1). Hydrolysis oC this 
ester bond was described by tllguclu ci. al |17j. A 
Traclion containing molocidcs of related hyilrophi)- 
bicily dclinod as QH-.A |271 has been shown lo form 
KSCOMs 1 381 J' properly expected lo require a 
liydrophobic region. This CNpcclation is supported by 
the observations of Dalsgaard el al. (29 1 where 
Quadri-IA rormeil smaller ring like con^plcxes 
which did not seem to self assemble into iho larger 
40 nm ISCOM. siructures, which will be discussed in 
Section 4. 

Onhohydrafc mnirlirs on the. acyl rhain 

QS 17 h:is tvxo cMibohydniic nujKxulcs. QS-IS 
nnd QS-.7I have one v.t.ilsl Q.S-7 lacks any carbohy- 
drate on I he acyl chain. All Tour have similar levels 
of adjuvant activity 1 19| suggesiing ihal fhesc niodi- 
licalions have no role \)\ promoiing a<ljuvant ncli\il.y. 

J. 6. The naive nUivhydr. at C4 on ihv (jnilhn'c 
acid 

Sollysik ct al. |:V?| found (hnt chemical modi- 
licaiion of ihc akiehyde group on ihc quillaic acid 
cau.scd an increase in die CMC and lotally abolished 
hemolytic aciiviiy of SRBC!. As hemolysis could 
occui below ilie CMC with immodilied saponins, 
ihey concluded thai hemolysis was the (unction of 



the monomer but required the ability to form mi- 
celles. Adjuvant activity was also abolished and il 
was suggested that the aldehyde may be involved in 
a Schiff's base interaction v/iih free amino group.s on 
a cellular membrane proiein or lipids of lymphocytes 
or cells involved in immune responses |331. Such 
interactions have been described between V cells and 
antigen presenting cells [39,40]. 

One furiJier structure- function modification war- 
rants consitleration. Kcnsil et ah |24| showed that 
pcriodate modification eliminated adjuvant activity in 
QS-18, ix>ssibly forming a bridge between i-galac- 
lose and t-apio.se. 'I'he possibility oF stable in- 
tramolecular rearrangements of Qin'/laia saponins 
has been raised |29); it was suggested such internal 
rearrangements occur spontaneously and might 
modify both toxic and adjuvfinl active properties of 
sa)K>nins. 

A betlci* understanding of the relationship between 
siriiclure and funclion will increase I he confidence 
involved with the formulalion and siorage tif purilied 
sa|5onin containing vaccines. A lisi of ihe recom- 
rncntled siorage conditions for Quil A» 
lSCCPI<i:'P^"7()3 and OS-21 were given in Vogcl 
and Powell |4I|. I'or example the optimal storage of 
solid QS'2I was recotnmended lo be 20'C in Ihc 
dark wilh low lunnidity, v^hile for aqueous solutions 
of Q.S-21 a range of pH .S.5-6.0 was desirable to 
mlniml.se (he cslcr hydrolysis of the acyl chain, 
l-'ree/.ing of QS-21 containing solutions |4.>1 or 
freeze drying of ISCOMs |43| have also Ixum used 
successfully to mininfisc dogratlntion of saponins 
vviih prolonged siorage. 

4. ISCOMs 

Novel .saponin eonUi in ing panicles, known as 
ISCOMs, have been dcNoloped (ISCOM and IS- 
COMS are trademarks of Iseotec AB) as an aller- 
nalive approach for controlling poteniial toxiuiiy. 
Saponins had long been kuov,'u to interact with lipiils 
in cell membranes forming complexes that lc;id to 

cell lysis 144 '\^\, In 1971 the (irsl ISCOM- like 

.siruclures were visuali.sed by electron microscq>y in 
virus preparations ihai had been Ircatetl with saponin 
in an al tempi U) isoliite viial subuniis, but ifie.se 
structures were regarded as artefacts bS,49|. Mo rein 
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ct (7,49.1 first described a nielhod for incorporat- 
ing viral membrane con)poneiirs into saponi.ji-con- 
lainini! complexes and purifying liie particles to 
produce well dclined, highly ininuinogcnic particles 
for which the term ISCOM was given. 

Two lypcs of ISCOMs liavc been described in (he 
lilcralurc. 1'he lirsi is the classic ISCOM, formed by 
the combination of cholesterol, saponin, phos- 
pholipid ami viral envelope proteins [71 and the 
second is known as LSCOM matrix, also called 
empty ISCOMs or ISCOMA TRIX"^'^* [131. Bolh 
forms are made idcnlically with the excepiion thai no 
proicin is added to the ISCOM matrix bm they still 
retain the basic ISCOM structure. ISCOMs and 
ISCOM matrix arc lypically rigid, hollow, spherical, 
cage-like particles which arc negatively charj^cd 
and measure about 40 nm in diameter 
110,13,20,21,49.501. The basis of the unique slruc- 
lure of ISCOMs is the iiitcrnclion bclsNcen saponin 
and cholesterol. Cliolcsicrol is an csscjiiial conv 
poncni of ISCOMs and ISCOM mairix as is phos- 
pholipid with bolh phosphatidylolhanolamiMc (21 1 or 
niore commonly fhc c:J;g derived phosphaildylcholino 
|51| hnviiin been used. The added phospholipid h;is 
been sug^icsicd lo net by providing a looser lit' ihan 
cholcslerol alone (o allow amphipalhtc moleenles. 
such as viral membrane prolcins, to insert into ihe 
ISCOM [5I|. The arrangemcni of ihe choIesKMoi- 
saponin micelles ink) the ISCOM panicle have 
variously been described as i\ penlaiional dodecahed- 
ron arran^KMuent of micelles, composed of lipid and 
saponin |.S0| or as a 'sinxer bair arrangement with 
Ihe muhiplc-micelles held logother by hydrophobic 
inieraciion. sieric factors anti possibiv hvdrooen 
Ixnuls |:>;!|. ' 

While niany oi' iho sludies uirlisiriii ISCOMs have 
used Quil A as a source of .sapojiin |7,X.I3| a rcconi 
siudy examined the pro|.>erUes of puriHcd siip(.)nins 
1 27 1 bnlh in ihcir irec fonn and ;H'lcr ihcv were 
incorporated inlo ISCOMs. ISCOM mairix was made 
from Qll-A, QII II QH-C or wlih various ralios of 
Ihe puri/ied QII liaclions such as MCyA (QM-A, 
QH"B. QH C), 1:1 (0H.A;Q1[-Ck 3:7 (QII A:Q1I- 
C). The v^lrious iy|.)es of ISCOM nnilrix were lesled 
in mice for imminiogenicily hy adding 25 of 
ISCOM mairix to I |Ag of A/PR8/34 influenza 
protein. All combinatiorvs of ISCOM matrix en- 
hanced Ihe aniibody response ecjually. ISCOMs and 



ISCOM matrix using a QH-A:QH-C ratio of 7:3 
({SCOlMU-iP''"703) have also been included in 
hum«n pre-clinical and Phase I trials, which will be 
described in Sections 7 and I I. 

While both ISCOMs and ISCOM matrix are 
inimunostimulatory, there may be an advaniagc for 
some, vaccines lo ineor|X)rate particular moJecules, 
either naturally through an intaci transmembrane 
domain or by chemically or physically altering the 
protein structure to obtain insertion/ association |53- 
561. Possible advantages of as.sociating proleins with 
ISCOMs include partial purificalion or enrichment of 
membrane bound molecules, correct presentation of 
proteins for recognition, increased tipiake of the 
proiein-fSCOM structuiv. [20.5.3 -571 and CI'L in- 
duction 138]. 

4,L Incorporation of ampliifxuhic tno/ccifhs info 
ISCOMs 

ISCOMs have been made v.iih aniphipiiihic mole- 
cules deriv ed Iron) membranes of a variety of viruses 
such as herpes simplex virus typo I (HSV-l). 
cytomegalovirus (CMV), Bp.svcin -Barr virus (li:BV), 
hepaiiiis 13 virus (HBV), rabies virus and inlluen/a 
viru.ses. Cell wall proteins from bacteria, such as E. 
cnfi nnti ISniceila ohorius and parasites, such as. 
Plosntoiliuin fa/ci/wruni and Toxoplasma gondii, 
have also Ix^en forn)ulaled into ISCOMs 
|9..12,56,571. When I.SCOMs incor|x>raic antigens 
derived from pui-ilied organisms or cell men^bnmes. 
the molecules thai arc incorporated inlo ISCOMs are 
the proteins or glycoproteins which are noj-mally 
anchoicd t\v i\ hydrophobi<: (lansmenibratic serjuenco 
inlo the cell or viral membrane I20.4.s,S.S. 5S). riu:sc 
molecules are extracted by deiergeni trcatnioni arul 
are integniicd into titc lipid-Quil A nuitrix aim}, when 
Ihe delergeni is removed, (SCOM particles are 
formed 1.51,57]. fhcre have been situations where 
unex]>ec1ed selecli\e incor|.xiration of :\ particular 
membrane prolein into ISCOMs has occmrcd |55|. 
f'or example, the P glycoprotein of measles vjru.s 
incorporated well into ISCOMs and liposiinics in 
contrast lo the H glycoprotein which was poorly 
incorporated into ISCOMs hut well inio lipason)es. 
Fniereslingly, a good antibody response was gener- 
aleil to both the F and 11 glycoproteins following 
immuni.siilion with the measles-ISCOMs j55|. 
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ISCOMs have been foinicci with single ajul mulli- 
plc an^phipathic incorporated molecules |55,58 -60| 
bur. regarclJess of ihe range of different molccdlcs, 
their si/e, level of glycosylation or tertiary slmctinc, 
the ISCOMs thai are generated are physically simi- 
lar, hi fact they are usually indistinguishable fion) 
ISCOM matrix when examined by electron micro- 
scopy 113.42,43,49,51,611 and have a similar sedi- 
mentation rate in sucrose gradients |5l]. An excep- 
tion is ISCOMs containing high levels of influenza 
hemagglutinin which can have spikes radiating from 
the surface of ihe ISCOM which are visible using 
electron microscopy and are presumably hemag- 
glutinin molecules The degree of incorporation 
is ustjally determined indirectly by the co .incidence 
of die selected protein and ISCOM particles in the 
same density sucrose gradient fraction (43/>!,62| or 
directly by visualization of protein and LSCOM 
particles togciher by imnuiiK)Clcctro)t microscopy 
using gold labelled aniibodios to ihe protein. 

4,2. Inrorporaiion of non-antphifHttbir ntoln ufcs 
into ISCOMs- 

While it is possible lo insert or at least associate 
non-amphipalhic molecules with ISCOMs, sirucuiral 
niodificniions such as parlini denaun'niion of prcMoins 
using agents such as urea and mcrcapUKlhanol |631, 
cxpostne lo low pH |(>4-661 or high lemperatuic 
1611 are needed lo tmcovcr some of the hydrophobic 
regions wiihin proicins. For example, exposure lo pH 
2.5 buffers rcsullcd in 15% and 14% incorporalion o\' 
purilicd in V I i:pl2() \M\ and BSA 165] rospeciivcly 
into ISCOM.s while 7(/*C heal ircalnicnt of oval- 
bumin (OVA) f6b! or BSA jbl] increased incorpora- 
lion. Those uKilhivls nuiy lead to a U>ss of con forma- 
lion ilcpeiujL'ni K cell epitopes, so ai\ allernailNC 
strategy is Ihe covalont ailachnienl of fally acids lo 
soluble proicins. A niunbcr of soluble proloins, such 
as OVA, cytochrome C I'anuu -llorsfall glycopnv 
loin and recombinant II IV- 1 gpl20, have Ix^en suc- 
cessfully incorporated inio IS('X)Ms fol towing at- 
tachment of palmitic acid through the e-amino 
groups on lysine |67-7()|. Mowat ol al. |67| found 
palmililicd OVA-ISCOMs v/ere capable of inducing 
Delayed Type 1 iypersensilivity (DTM) responses in 
mice when injected into the fo<npad: unlike OVA, 
palmililicd OVA. or palmililicd OVA given with Qiiil 



A or ISCOM matrix. Similarly, the addition of 
palmitic acid I?!] or myrislic acid f54| fatty Jtcid 
tails during peptide synthesis allows the incorpora- 
tion of peptides into ISCOMs. Peptides from 10-40 
residues have been sncccssfidly modilied with lipid 
tails and incorporated into ISCOMs, however there 
may be some si/.c limitations on particular peptide 
sequences as some short, poorly-charged peptides 
may become too hydrophobic and diflkult to in- 
corporate into ISCOMs (121. 

Other methods used to associate molecules with 
ISCOMs include chemically ct>upling peptides [72] 
and possibly proteins on to pre- formed ISCOM 
matrix or ISCOMs containing influen/a envelope 
proteins f72--75|. 'rheoretically, coupling could be 
done thiough amine groups if phosphatidylcihanol- 
amine has been used as Ihe pimspholipid | [2|. Weiss 
et al. (761 chemically coupled inllucn/.a nucleopro- 
lein to IL coli lipopolysaccharide (LPS), by per- 
iodate oxidation, whieh then allowed association of 
10-20'i^.' of the miclcoprotein with ISCOMs. fhc 
problem of incorporaling non-amphipaihic molecules 
ink) ISCOMs has also been approachetl by xiiilising 
genetic manipulation to re -engineer ihe protein lo 
contain a transmembrane sequence. In one oxarnjile 
of this 177|. a protein was modiHed to retain a 
iransmcmbranc rcgiijn and ihis pnilcin inducerl high- 
er antibody responses in cats when incorporaied into 
lS(X)Ms dian did ihe native protein gi\'en alone or 
when con^bined with Quit A. 



5. Other .saponin bascti vaccine formidalious 

As an allcriiMlisc io enlruppinj; saponin.^ inio the 
struclurc of an ISCOM. Lipford el al. |7S1 n.>hy. 
dialed liposomes in the presence of popiitJes 
and Qui! A. tcatling Ihcy believed, to Ihc enlrapineni 
of the sa|X)nins into the internal space of the 
liposome. The resulting Quil A liposonu^s were 
effective at inducing an MllC Class 1 resiricled 
CD8"'' cytotoxic T lymphocyte (CTI.V) response lo 
peptide pulsed or liansfccted largel cells following a 
single dose in mice. Liposomes wilhoul Quil A 
failed lo generate any CfL while simply mixing 
empty liposomes, peptide and Quil A induced a 
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lower CTL response |781. The authors claim {hut the 
advaiitnge of ihis system compared, with ISCOMs. is 
that there was no need to add lipid tails (o the 
peptides, or if proteins were used» no denaturation 
would be necessary |78|. A lysierioly.sin peptide 
Hon^ Listeria monocytogenes formulated in Quil A 
liposomes was also shown to promote specific CTL 
responses and enhance survival in mice challenged 
with 10 LD^„ o|- live L monocyfo^^enes organisms 
|79I. Interestingly Newman et al. 180| had earlier 
reported the ability of a piuined saponin (Q.S-2I) to 
induce OVA specific CTL in the absence of lipo- 
somes or other additives. 

5. 2. Microspheres 

Considerable interest has been shown in tlic use of 
biodegradable microspheres for slow release or 
single injection vaccines (81- 8,')). As wiih oihcr 
vaccine delivery syslems, there is often ihc need to 
add an adjuvant to achieve the ikshvil knel of 
imnunic response when using niicrosphcrcs. This 
was described by Cox ct. al 184) using microspheres 
containing antigen and eilher Quil A or aluminium 
sails and subsc(|ucnily nticroencapsularion of IS- 
COMs |8.S|. In studies by Cleland cl al. 
recombinani ^pl20 IVom the MIV-I,.,^. strain, was 
microencapsulated into poly lad idc co-glycolido 
(PIXr) microspheres which induced long lasling 
antibody responses in guinea pigs after two subcuta- 
neous (SC) doses. This response was enhanced five 
Told by Ihc addilion o( 50 p.g of QS-21. fhesc 
studies have been e.Niended lo haboons where high 
amibody litres and virus neutrali/ation litres were 
induced using microspheres containing Q.S-21 {HM 
Thus. sa|?i)nins and ISC'OMs can be used to increase 
die potency <>( micro(;nea|isulaied antigens. 

..'>..?. Aluminium .stills 

The addilion of saponins was one the earlv 
methods used to improve llic responses obtaiiied wiih 
aluminium (alurn, AI(OM), or AI-PQ,,) adjuvanled 
vaccines, fhe potency of bacterial vaccines lo l.hw- 
f anodes nndosiis [86 1 and Coryneharicrium 
IKsuedotiibevcuh.sis 187| in sheep, /i. cnii in cattle 
f.S8] and Bnrdefelln hrochiscpfica in mice 1891 have 
all been increased when Quil A or saponin was 
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added to the aluminium precipitated vaccine. QS-21 
has also been shown to increase rcspon.ses in mice to 
an aluminium precipitated peptide-conjugate vaccijie 
although .some studies have found that the aluminium 
gave no increase in re.six)nse over the use of QS-21 
alone 190] or at best a small increase |91]. Rarely 
does the addilion of saponin to aluminium precipi- 
tated ])roteins cause a lower response and only 
isolated examines have been reported [92]. In some 
instances the aluminium salt is u.scd n> stabilise the 
antigen rather than for any addilional adjuvant 
activity |93j. Very few studies have looked at com- 
buying LSCOMs with aluminium precipitated pro- 
teijis, however in one study in mice |2I| using 
AlPO,, and ISCOMs containing a gonococcal pore 
protein, a gooti antibody response was obtained but 
no compari.sons were niade with ISCOMs without 
AlPO,. 

Recent work by So el al. |23) led to the identifica- 
tion ol* a component in crude QniUaio saponnriu 
saponin preparations, icrmed Q-S-Ll, that was found 
(o have adju\'ani activity in mice ImiI only when used 
with alum adsorbetl recombinant MBV Sinface An- 
tigen (rMBsAg). No adjuvant activity was detected 
when QS IJ was added io soluble iHBsAs milike 
previous s\m\\c.ii with QS-7, 17, 18 or 21 which were 
adjuvant iictive in lormulations widi soluhic proteins 
1191. This observatiim jio.ssibly reflecls the imiquc 
pro|)erties of this iVaclion as well as variation 
associated with different protein antigens. 



6. Mode of acfimi 

AdjiiVMUls may ad in so^•c^al uiivs. These include 
Ihc formation of a depot fron) which aniitien is 
slowly released, eflicient targeting of the antigen to 
lyjnphoid organs and antigen presenting cells (APC) 
and modulation of the proi.icriios of induced immune 
res|)on.ses |941. Allhough the adjuvanl activities cif 
saponins aiid LSCOMs are not yet completely under- 
stood, an increasing number of reports liavc recently 
described various aspects of the initifUion, develop- 
ment and modidation of inunnne responses after 
inununizaiion with various .sa|)onins .such as QS-21 
or ISCOMs. Due lo the relatively recent identifica- 
tion and limited availability of QS-21 much of the 
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published work in (his area has been clone with 
ISCOMs, Quil A or crude saponins. 

6. 1. Uptake and disinhuHon 

Early studies by Chedid cl ni. [95| showed lha! 
'^M-KLH when given into the footpad of mice along 
with crude Quiliaia saponlji resulted in increased 
radioaelivity at the site of injection and the spleen 
compared to '^'''l-Kl..H alone. However, retention of 
antigen at the site of injection was also den)onstraied 
with other compounds that were not adjuvant active. 
The uptake and organ distribtition of TSCOMs after 
intraperitoneal (IP) and SC injections has also been 
analysed using influen/a-ISCOMs containing 
radioactivcly -labelled in(1uen7.a virus envelope 
glycoproteins \9(\9T\. The clearance and organ 
distribution of inHiienza-lSCOMs was rapid after 
adininislralion by eilhcr of Ihosc two routes vvilh less 
lhan 5% of the injected radioaelivity recovered in 
nssues examined 3 12 h after ISCOM administration 
196.971. Although, following IP dosing U'iib inllucNi- 
/.a-lSCOMs, the recovery of radioaelivity was sig- 
nilicanlly greater in spleens from ISCOM-ircfUed 
n)ice compared to mice given inHuen/a micelles 
{(lu-m) 197]. Inllucn/a-lSCOMs injected SC were 
distributed lo ihe lymph nodes with higher eflicieney 
than flu-rn alone or when (lu-m were mixed wiih 
ISCOM nialrix |9S|. Adminisiralion of inlluen/.a 
I.SCOMs also appcaretl lo increase the retention of 
antigen in lyniphoid organs 1 97,98] et^mpared to 
Hum or (lu-m mixed with ISCOM mairix. which 
suggesis that iSC'OMs .wv. eflicienily largelcd (o 
lymphoid (.organs wUc.vc they may pc'.rsist i'or a 
subslnniial lime. I hcso re^t^lls also dcmonsirate lhal 
retention of antigen by depot formal ion is ntx a 
component of ilie adjtivant aeliviiy of ISCOMs |9f>- 
98 1. 

Consislenl with the proposed c'l'lieieni largeling ol' 
ISC(^N4s lo the draining lymph nodes after SC 
immmii/alion, both B and T cell respon.ses are 
initiated in these organs follcnving a single SC 
ijijeclion 1 96,99 1. "Vi^cse responses were rapid anil 
transient, with peak activities from day 5 to 
whereas Ihe parallel res|}onses in ihe spleen (le- 
veloped more slowly but were of a longer duration. 
One exphnialron for the difference in dislributi{)n 
between ISCOMs and llu-in may be that ISCOMs 



are taken up more eflieicntly by APC in the spleen 
and lymph nodes. Support for this po.ssibility comes 
from electron microscopy studies on the uptake of 
influcn/.a~ISCOMs or flu-m by |3eriioncal lavage 
cells. Just 30 .seconds after IP injection, ISCOMs 
were seen adhered to macrophage cell membranes or 
contained within phagolysosomes |1()()] white attaeh- 
ment of flu-m wa.s rarely obscrved. 

In a recent study, lipophilic fluorescent car- 
bocyanine dyes were u.sed lo follow the cellular 
distribtition of inactivated rabies virus antigen and 
ISCOMs containing rabies virus antigen 1101). Fol- 
lowing IP or intravenous injection, both rabies 
antigen and rabies ISCOMs were taken up by splenic 
macrophages. The rabies antigen primarily locali/.cd 
to marginal zone macrophages (MZM) and to some 
extent also to red pulp macrophages. MZM are 
important for the uptake of particulate antigens and 
have been shown (o play a role in the removal and 
elimination of aniigens, Rabie.s-lSCOMs were also 
taken up by MZM but preferentially localized to 
marginal melallophilic macrophages. This population 
of macrophages, believed to be involved in antigen 
processing |I02|, is located on ihe border of the 
marginal /.one, close to (he major site of antibody 
production in the spleen [I()l|. This difference in 
cellular disiribinion may explain why rabies-)S- 
COMs, but not rabies aniigen, cfficienlly imkieed 
immune responses at low closes 1 1011. In conclusion, 
these studies suggest that increased localisation lo 
lymphoid organs logelhoj- with effects on the cellular 
uplake of antigens may coniribuie in ilic atljuvant 
aeliviiy of ISCOMs and possibly (Mher saponin 
containing iornndaiions. 

6.2. /\/(//,i:<v/ pvv.uinUUinii 

Informavion obtaincil from in \iiro sludics has 
demonstrated (hai lSC!'()Ms innucncc the nmcli<,>nal 
projXMlics of APC in several ways. In a m\{\y by 
Villacres-liriksson ct al. |l();^l, incubation in vilro 
with In llucn/a ISCOMs or ISCOM n^urix proparctl 
from Quil A stimulated spleen cells t<^ produce both 
mcmbrane-assoeialed and soluble IL-I. In conirasL 
only membrane-associated 11,-1 was produced jifter 
incubation with (lu-m 1 103]. Stimulation of fraction 
alcd cell populations with in(luen/.n-lSCOMs or 
ISCOM mairix alone demonslralcd thai soluble IL-1 



fXi. Han- et ciL I Advamu'd Orufi IMIivcry' Kfvhws 32 2'i7 -27l 



257 



was produced by aclhcretil bill iioi hy noii-adherent 
spleen cells, in a rclaled sdidy 128|. Quillaia 
saponins in IVce form or incorporated into ISCOM 
niairix or infUienza-ISCOMs siimulatccl IL-I secre- 
tion by murine peritoneal cells in viiro. Stinuilalion 
with influen/a-lSCOMs prepared from QH-7f)3 
(ISC:OPRKP*'''7()3) icsullcd in levels of soluble 
comparable to those induced hy incubation with E. 
coli lipopolysaccharide (LPS) [281. Taken together, 
these results ilciiionslrate that fSCOMs, ISCOM 
matrix and purified saponins arc able (o activate APC 
to produce IL-L The tinding that IL-j was produced 
by ndhereni cells |I03| and peritoneal cells |28I 
suggests that, macrophages arc involved, consistent 
with the role of these cells in the uptake of fSCOMs 
after injection [100,101). The capacity to stimulate 
IL'I production may therclorc contribute to the 
adjuvant effects of ISCOMs. Mowcver, the role of 
FL-I in the development of Immune responses is not 
clearly understood and a correlation lietwcen IL-I 
produclion in vitro and the induction of antibody and 
cellular imnume responses in vivo remains lo be 
established. 

FSCOMs have also been rt'.|>oried to upregiilate the 
expression of MIIC class II molecules on A PC, 
Thus, the frc(|uency of peritoneal cells cxpressint* 
MIIC class II v.as significantly hij;her in mice 
immuni/ed with innucn/a-ISC()Ms than in mice 
injected with ISCOM matrix or llu-m |l{)Oj. This 
lindin^,^ was extended t)y BcrgsliiMn •M<)lliK>j2lu el al. 
I HM 1 v.'ho showed (hat aniigen sitnuilation in vitro of 
spleen cv.lls primed vviiii inlluen/.a ISCOMs or HIV 
ij.pl 60 -ISCOMs inerea.sed the IVetjiuMiey of cells 
expressinj^ M\K' class II in an antigen (lose speeific 
manner. Tl)e increased MI K." class II expression v.us 
af least partly depentleni on the aniigen-speeific 
prtnluclion of ll-N--y |iecause a ntonoclona! antibody 
10 IPN-v reduced ihe propoiiion of MIIC class (I 
p<>siiive cells by | IO-T|. 

A critical issue with respect U) adjuvant aeiivity is 
to what extern disiinct APC populations contribute 
the presentation of antigens. This question \\as 
addressed in a recent report where naive splenic 
dendritie cells (DC) and I.J cells and peritoneal cells 
were pulsed in vitro with inlluenza lSCOMs and 
used to slinudato T cells primed with innuon/.a- 
ISCOMs 11051. All of these i)opnlaiions of APC 
slinuilated T colls lo proliferate and produce cyto- 



kines. DC and B cells were the most efhcient with 
respect to proliferation and .secretion of IL~2, where- 
as only DC induced high levels of IFN-7. From these 
rcsidts it appears that several j^opulations of APC are 
able lo take up and present ISCOM borne antigens. 
Thecnicient induction of IFiN ^ produclion by DC is 
of particular interest because this population of APC 
has been shown to be important producers of IL-I 2, 
a cytokine which is re(iuired for effective generation 
of cellular immune responses [I06J. Immtmi/ation 
with innuciiza-ISCOMs was recently demonstrated 
to induce produclion of I1--I2 at levels high enough 
lo be detected in the scrum of injected mice f I07|. 

Little work has been done with QS'-2I in this area 
although one interesting study examined whether 
QS-21 micelles or monomei-s were the active forms 
of the molecule [90]. When QS-21 was given to mice 
iU concentrations well below the CMC of QS-.2I (26 
niM) it was still adjuvant active suggest in« that Ihe 
monomer is active and ciu) presumably act on APC 
|90|. Wu ct al. 11 OS I as.sessed the actions of QS-21 
m dilTerenr APC by using particulate silica 
carageen to t>aralyse phagocytic APC. Following this 
treatnient they were ihen unable lo induce spccinc 
C-D8 CI L responses in mice vaccinated with QS- 
21 and OVA but aiUibody respon.ses or antigen- 
specific lymphocyte proliferaiion were not effected 
|IOS|. 'these studies, aiul other in vitro studies, 
suggest a critical role for macrophages for QS-2I- 
niediatetl CDS CTI. responses but a lesser roU: in 
promoting aniiboily responses. 

h. , V (.'yu ik in c itifh u 'fit >// 

Regulatory Th cells are essential fi)r ihe develop- 
ment of antibody and CTL resjn>nscs to foreign 
aniigens. With respect to their cyu.)kine produclion 
after activation, murine Th cells can be divided into 
at least iwo (unctioiially di.stiiun sub-populalions. 
Till cells produce the cytokines IL-2 and IFN -y and 
mediate certain aniilxniy-independeni immu)ie re- 
sponses as well as |.>romoiing certain antibf.nly re- 
sponses. Th2 cells produce JL n..-6 anil 
IL K) aiul are ctMisitleretl to provide lielp essential 
for antibody production 1 109|. The importance of tlie 
Th ceil subsels for generation of protective imnnuiity 
has been demonstrated in several ex peri mental 
models and human diseases suggests thai vaeci- 
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nation against cerUiin infectious ciij>eascs nuiy l>e 
dependent on efficient means to induce T cell 
rcsj)onsc.s with desired properties [110-1121. The 
use of adjuvants with distinct ininiunoniodulatory 
properties represents one approach to achieve this 
aim. 

The ability of saponin based formulations to 
induce strong Th cell responses is well established. 
StudicH in sheep [113] demonstrated that high levels 
of IFN-7 was present in the lymph following in- 
jection of Quil A in Ihe presence or absence of 
antigen; replacing the Quil A with AI(OH);^ did not 
induce a similar response. A number of studies have 
examined the developnicnt of Thl-iikc and Th2' likc 
T cell responses after injection of saponin containing 
vaccines, particularly ISCOMs and QS-21. Activa- 
tion of T cells by ISCOMs was lirst tiescribed by 
Fossuni el al. 1 1 14|, who reported that imniuni/ation 
with infiucn/a- ISCOMs induced spleen cells which 
proliferated and secreted II.-2 after antigen stimula- 
tion in vitro. These observations were extended in a 
study 1 115) which showed thai the production ol 
lL-2 and lt'N-7 by spleen cells primed with ISCOMs 
was de|X:ndent on CD4 T cells. The ability of 
ISCOMs lo induce T cells producing IL-2 and IFN-7 
Iwis since been demonslratcd for w number of an 
(igens {Fable 2) and it is now well established thai 
ISCOMs strongly promote the development of Thl 
type X cell responses. Addilionul support lor ihis 
observation is that ISCOMs clicil high levels of 
anlilxnUcs of the lgG2a subclass ( Table 2). A shih lo 



production of antibodies of this subclass is dependent 
on IFN-7, whereas IL-4 is important for the genera- 
tion of high levels of IgGl [116], The relative 
production of these IgG subclas.ses in mice can 
therefore be used as a surrogate marker for the 
genet at ion of immune responses of a ThJ or Th2 
type. 

The generation of Th2 responses after ISCOM 
immunization is less cJpar cut and appears to vary 
with die antigen used, the choice of cytokines 
analysed and the type of cylokine assay. The pro- 
duction of lL-4 by T cells primed with ISCOMs has 
been reported 10 be low or undetectable when 
determined as the cytokine concentration in cell 
culture supcrnatants CTable 2). However, lL-4 may 
l>e rapidly consumed [1I7,I18| and llKrcfore, the 
low levels of IL-4 in culture supernates may not 
therefore reflect the true rcspon.ses in vivo. In 
support of this» immunization with ISCOMs con- 
laining an antigen (PSA-2) from the parasite Leh- 
hnuinia niojov induced high numbers of T cells 
producing 11,-4 as detected in an nt..lSPO'T assay bui 
only trace amounts of IL-4 were delecled In parallel 
cell cidlure supernates [1 191. Moreover, vaccination 
of C^H/He mice with PSA 2 -ISCOMs did not 
proicci ihcm againsi L. fnajor infeulion dcspilc ihe 
activation of high numlx^rs off cells .secreling IPN- 
-y. As protection against major depends on the 
generaiion of Thl-likc T colls producing W'N-y 
I ] 1 M201 and susceptibility correlates with the pres- 
ence of IL-4 112112.'^ I, ihese findings suggest that 
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the acuivation of 'rh2-like T cells by JSCOM vacci- 
nation was sufficient lo abrogate Ihc protective ThI 
eflects. In addition, the induction of 1L''4 by OVA in 
ISCOMs has been reported to be comparable to thai 
of OVA in AKOH)-, [124] an adjuvant with extreme- 
ly high capacity to induce Th2 responses. 'Hic strong 
ahiliiy to increase IgGI responses to antigens pro- 
vides further support for ihc involvemenl of lL-4 in 
immune responses to LSCOMs ('fable 2). KSCOMs 
have also iKen reported to induce pioduction of ir.-5 
and JL-I() (Table 2). fnimimi/.ation with OVA-IS- 
COMs or l>SA-2"ISCOMs generaletl celts produc- 
ing significant aniounis of ILo [119.1.251. The 
effects of ISCOMs on IL-IO production are unclear 
as lx)lh an increase and decrease in production of 
IL- 10 have l^ecn reported. Recent results suggest that 
Quillaia saponins may down-regulate llie production 
of fL-IO in a dose-dependent way [ 1 05, 1 24 J 26 1, U 
can be concluded thai !SC:OMs, in mosi cases, 
lunciion as a potentiator of a ThI type inimunc 
response bu( are also able to induce a concomiiani 
Thl response. 

When as.scssing the contribution of rh2 f cells ii 
is ijiiporlanl lo con.sidor sovcral varialilos such as 
which 'rh2 cytokines were analysed, ilic nssiiys used 
to uKuisurc cyiokino production, ihc innnunogcnic: 
and innnunonuulidaiory properties of the aniigcn, ihc 
mouse sirain used, the route of administraiion, the 
dose levels of antigen and the dose, source and 
purity of Jho saponin. On this lasi point, niosl sUkMcs 
to dale wiih ISCOMs have used Qnil A as a source 
of sn|x>nin. I'lui reccni idenlification and isolalion of 
defined I'raciions of Qtiifhiut saponins has raised ihe 
(jucsiion uhoihor I.SCOMs containing such comptv. 
nonis iciain ihc .uliijvanl aciiviiics dispkivcd by 
ISC<.)Ms made fron) Qui I A. Analysis of inunune 
responses to OVA-ISCOMs prcpaied frinn 
ISCOP!<I.-|»'^'703 suggcsis thai d)e.sc aclivilios arc 
consislcnl wiil^ prcx ious sUtdics using Qui! A ( Table 
2) |J24j. Moreover, immuui/alion with inllucn/.a 
vaccine combined wilh QH-C induced both Thl and 
Th2 cytokines (Table 2) | l27i. Although liiis Qnil- 
laht saponin fraction elicited .strong seinm antibody 
rcsjionses aiul high scrum levels of ll'N-'y, antigen- 
spocilic !gCi2a was not detected. In contrast, ihc 
saponin adjuvant QS-2L has been reported to aug- 
ment: the production of lgG2a and lg(;2b anlibodies 
as well as some IgGI [19]. At^alysis of T cell 



responses to OVA formulated wilh QS-2t showed 
induction of cytokines a.ssociaied with both Thl and 
Th2 cells. Thus, spleeti cells primed wilh OVA 
Ibrmulatcd with QS-21 efficiently secreted T1.-2 and 
IFN-7 after antigen stimulation in vitro and produced 
levels of IL-4 and I1..-5 which were comparable to 
those induced by antigen plus Al(OH)., (Table 2) 
1421. 

The importance of the itnmunomodulatory prop- 
erties of the antigen was supported in a recent suidy 
with the attachment (G) and t\ision (F) proteins of 
rcspiraioiy .syncitial virus (RSV) and QS-21 [1.28], 
Immunization with the G piotein resulted in n> 
spouses from T cells i.solated from the bronchoalveo- 
lar lavage fluids with Th2-likc properties whereas the 
F protein generated lesponscs that were more 'Hi I in 
character 1128]. The authors concluded that the 
primary effect of the QS-21 in Diis experimental 
model was amplihcation, not modulation of ihe 
ii\unune resiionsc. Clearly, further studies are re- 
quiied to delineaic the adjuvant activities of the 
purilied Quillaia saponins in more detail. 

OA. CTI. tiuhtcMtm 

■file induction of CVL rcspon.scs gciierally re((uircs 
that antigens are processed in the cell cyro.sol to 
gencrfUc peptides which arc prcscnled at ihc cell 
surface in Ihe conlexl of MUC cla.ss 1 molecules, 
lixogenous antigens must therefore be able to enter 
Ihe cyiosol lo give rise to peptides which can l}c 
presented lo MUC class I restricted CTL |129|. 
Adjuvants can be \\scS\\\ Tor CriT, Induction by 
faeilitating this process. One v.ay m .lehievc ihis is 
Tor the adjuvant lo inieraci v.iih the cell nunnbranes 
so thai antigen logelher wiih the adjuvant is de- 
posited into Ihc cyiosol. The adjuvanl c:in als«> 
induce Ihe prodnciion i\\ rhl -likc cytokines which 
arc necessary for the tlevelopment of these cellular 
immune rcs|>on.ses [liJ.U)|. 

ISC'OMs have been demonstrated to inditce CDS ' 
MHC class 1 rcstiieled C'fl.. lo a nnnibcr (^f antigens 
allcr Ininuinizaiion l>y several different routes of 
adniinisiration. This was (irst illustrated v/ilh recom- 
binant HIV- 1 gpl60-lSCOtMsand influen/a ISCOMs 
1131]. ISCOMs have al.so been used to induce C'll, 
to measles virus F-j^roiein | I32f a heal shock protein 
of mycobacteria |13.1|, OVA [66/)71. B6 and F,7 
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proteins of HPV [1341. SIV proteins 1135] and RSV 
[ } 36 1. Intranasal adminisiraiion of induen/.a IS- 
COMs, RSV-ISCOMs and imnuini/.ation by oral 
ailministration of palmitificd OVyV-ISCOM.s also 
result in the generation of CTL 1.137 -. 139]. Soluble 
QS-21 is also a potent inducer of CTL responses in 
mice, which lias been demonstrated using OVA [80|, 
recombinant HlV-1 gpl6() 1 140), comiK>inKl peptides 
of the HIV-1 gpl60 inimunodominant CTL epitope 
| !4l], a recombinant human CMV glycoprotein B 
1 142], the F protein of RvSV 1 143] and ras expressing 
tumour cells | I44]. QS-21 was also used wiih SIV 
proteins to induce CTL hi nonhuman primates [145]. 
Other adjuvanls liave also been shown lo induce 
CTL's luuler certain circumstances. These inchide 
oil-in - water emulsions formuJated with OVA (1461 
or HIV-l gpl2() [146], AlOH, with influen/a [147], 
OVA with MPL-Iiposonies |I481 and lipopeptides 
[149] but these examples are few compared lo ibose 
of tlie saponin leased ndjuv;n)ls. 

The mechanism by which KSCOMs and QS-21 
induce CTL re.sponses is not clear, but ii is likely 
that Jhcse adjuvan(s associate with antigen and 
facihlalc cnlry into the cell cytoplasm. D\k: to their 
surfiice- active properties [1)1. it is possible thai the 
QuiHaiu saponins play a role in this process by 
intercalating with cholesterol in the cell membrane lo 
form pores, which have been obser\ed in electron 
micrugrnphs |46K tlu'ough wliicli ihc siiponin and 
antigen could pass into the cyt<}plasm. Supporting 
this mechanism is the finding thai ISCOMs con- 
taining ihi* measles virus T piotein have been re- 
ported to sonsrii/e target cells in vitro for lysis by 
cm'' MNC class l-resirielcd (.:'ll.. clones |l.>2|. 
When a cell line v.hieh had losi the abiliiy lo 
generate peptides presented by MllC class 1 mole- 
cules was used as ihe i\\K'., no lysis was deuieted. 
deinonslraiing that prot:essing in (lie cyiosiM of 
measles I.* proiein contained in the (SCO Ms was 
necessary. The authors concluded that Ihc ISCOMs 
might incorjicMaie inio cell or endosomal membranes, 
thereby exposing the incorporated anligen cylo- 
solic proteases 1 1321. 



7. Toxicity 

The issue of toxicity wiih saponin leased adjuvants 
has been raised at various limes as w potenlia) 



impedimenl to their widespread u.se in human and 
veterinaiy vaccines. Orally administered crude 
saponins are relatively benign and appear to only 
effect weight gain in mice and rat.s [150,151] and 
this effect couki be revei-sed in rats by the addition of 
cholesterol to the diet [1511. However, saponins are 
toxic at high do.ses when administered parenterally. 
nie for hitravcnously adminislered Quil A is 
0.67 mg/kg in rats [152] and doses of greater than 
25 |jug of Quil A given IP can be toxic in the B^,D;,F, 
strain of mice [153]. Lethality in other strains of 
mice has also been reported with both IP and SC 
doses of ISCOMs containing from 10 -50 iiLg of Quil 
A [21,64,154]. When examined al auto|:)sy, one study 
showed saponin-ireated mice to have liver degenera- 
tion [2I|. Despite these fnuiings with Quil A and 
Quil A-lSCOMs in rodents there has been little 
toxicity u'ith parenterally administered Quil A de- 
rived ISCOMs or QS--21 in larger animals such as 
rhesus monkeys. Iiorses, cattle, sheep, chickens, dogs 
or cats 164,155-1501 or with free Quil A in catile 
and sheep 1113,1601, although there was some 
toxicity reported with free Quil A in cats [20|. Local 
toxicity was Investigated in rats following the in- 
jeclion of a ineasles-ISCOM vaccine made with Quil 
A saponin or with Quil A into the gastrocnemius 
muscle [16!]. Mistopathogical examination showed a 
lower tnllanunaiory respon.se to the vaccine when the 
Quil A saponins were incorporated int(i lSCX)Ms 
compared to free Quil A [161 1. This is unlikely lo be 
due to selective incor|wralion of certain saponin 
fractions from Quit A into ISCC^Ms as 01 her studies 
l^a\o shov.n iherc is no seleciive incorporation of 
particnlar saponins ini(^ ISCOMs [2I|. 

fhe. concerns owr tox icily wore a major ^tiniuhi.*; 
10 iVactionale ciiide saprniins and Quil A. Kensil I I9| 
invesiigaUfil ihc major sapt>nin pv-aks (QS-7. {K and 
21) for lelhalily in mice, hemolysis ofSRlU,'. and the 
levels of Igl:'. aniibodies induced. I.eihaljiy of the 
saponin fractions was as.ses.sed in (;:D-1 mice given 
graded doses of up lo 5(X) |.*,g of saponin inlradermal- 
ly 1 19]. rhis showed that QS'18 was (|uilc. toxic, 
even more so than whole Quil A, while QS-21 had 
low toxicity and QS-7 .showed no lelhalily |.I9|. 
Other fractions were idcntilied that were toxic for 
mice bill were well toleralcil in kittens [20]. Increas- 
ing hemolytic activity was seen with fraelions QS- 
17, Q)S-I8 and QS-21 respectively l->ui QS-7 was not 
hemolytic at levels up to 200 |.tg/ml fl9|. They 
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coiK-ludecl thill there was no correlation between 
hcmolyiic activity, lethality and adjuvani activity 
[)9|. No specific IgE was induced with any of these 
fotir fraciion.s. which contrasts with other studies of 
Quil A iI62|, Gypsophilia saponins [1631 or 
saponins from \in-nanied soiu;ceK |164J65|. 

Ronnberg ef al. |27| examined the lethality, cyto- 
toxic and hemolytic properties of QH~A, QM-B, 
QM-C tind fSCOM malrix formed with vai ious ratios 
of these fractions, l.ethalily studies in ICR mice 
showed low levels of toxicity associated with QH-A 
(0/ 10 deaths at 400 )xg) and QM-C (0/10 deaths at 
400 |xg) or ISCOM matrix made from QH~C (0/JO 
deaths at 8(K) p.g) but thcje was toxicity associated 
with the use of QH-B (7/K) deaths at 400 p,g) |27]. 
CclJ cytotoxicity and hemolysis were also signili- 
canlly reduced when QVhC or various latios of ihc 3 
fractions were incorporated into ISCOM matrix 
compared to free QM-A. QH-B or QII-C |27|. 
Absence of toxicity was found in studies with free 
QS-I .I , with no doalhs following intradermal dosing 
of CD-I mice with 500 |xg of QS-LI mul nl> 
hemolysis of SRFK: at conccntraiions of up \o 125 
|j.g/nil of QS IJ 123]. 

Some purified saponins, lil<e QS-2], 
ISCOPRi;iP"''7()3, and formulations which utilise 
these saponins, such as ISCOM m,itrix and inHuen- 
/n- fSCOMs, have been tested lor systemic and local 
loxicily in rais and rabbiis as pan of their prt>clinical 
evahialion as well as mutagcnicily and pyrogcnicily. 
In rabbits 200 |ig of QS-2 1 gis en intramuscularly 
was well loleraled witli litllc evidence of loxiv.iiv 
|42| and similar results were obuiinefl wiii^ 
lSC:(:)PRI-t>'-^'7{)V ISCOM .tunrix aiKl inlluen/a-IS-- 
COMs in Tills and r.-ibhiis \ \(M^\. flic encouragin*.? 
daia generated IVon^ these studies has led lo safely 
and eHicacy irials heiu!; ci^nduclcd in huniaii vol- 
unteers. .Some of ihe other fractions such as OS-7 
and QS LI ha\e ye( lo l)e fully evaluated for 
toxicity. 



(S. Studies (jf saponin i)a.sc<l vaccine fornnilation.s 
in animni models 

A ct>mprehcnsive reviev\ of all of the animal 
sludics using saponin l)ased adjiivanis is beyontl the 
scope of this review; several excelleni reviews are 
reconnnended |9J 1 Jr>,5(>J67|. A wide range of 



animal .species including rodents, guinea pigs, rab- 
bits, pigs, cats, dogs, cattle, sheep, monkeys and 
baboons have been used lo test Quil A, Q.S-21 and 
ISCOMs with an emj>hasis on vaccines directed at 
viruses and parasites rather than bacteria. These 
vaccines have genei-ally been based on proteins or 
glycoproteins either derived from the organism or 
|:>roduecd recotnbinantly [9,41,56,77]. Quil A and 
QS-21 have also been used to adjuvant non-protein 
antigens such as polysaccharides and lipids, which 
are goneriilly considered to be T-independent an- 
tigens. Most non-saponin based adjuvants fail to 
enhance immune responses to these ty|)cs of an- 
tigens, liowevei- Quil A was shown to have .some 
adjuvant capacity with certain antigens such as 
dcxtran suli>hatc 1168], TNP-LPS or TNP-Ficoll 
1153,169] and Q)S"21 with cod polysaccharide 
1170,171] and detoxilicd <:oii LPS 1171]. This 
effect was not universal as addition of QS-21 lo 
caj^snlar poly.saccharides from Sutphyloroccus mt- 
reus falle<l to enhance anlibody lewis imless ibe 
polysaccharides were conjugated ti> protein carriers 
11721. 

When studies have compaied a range of adjuvants 
in exiK*rimemal animals |4 1.154, 173 • I77| various 
rankings have been obtained. These range from QS- 
21 or ISCOMs licing superior lo 'gold standards' like 
iTciind's adjuvaiu | I9,42/>4J 73J 77] to being cquiv- 
aleni with other adjiivanis 1 17^M76| or in sonic, eases 
inferior to other adjuvants |1.S4J75|. Those results 
should be et^nsidcred eauiionsly as much depeods on 
Ihe d<^se ol' antigen and ndjuvam, the animal species 
and ihe criioria on which ihe assessment is being 
made, tvw sludies have oMensivel.\ evaluated all ol" 
!he Na(>(>niii a.jjiiv.iins or oven OS 21 or lSC.:OMs 
aj-iainsi a panel of adjuvanis using a number of 
:miio,.>ns. species, doses and nujsi importantly, ccjuiv- 
aleni read-out systems, 

h\tramuscidar (IM) and SC routes liave commonly 
been used for saponin liasecl vaccines with fev/ 
sludies using ihe oral or intranasal routes for vacci- 
nation. Ben Ahmeida cl al. |I7«| reported no protec- 
tion from a homologous irillucn/a chaHenge in mice 
given a single low level dose of influenza-lSCOMs, 
0.25 ;xg hemaggluiinin (HA), administered iniranas- 
ally. This is consistent with earlier reports of in- 
Iranasal FSCOM vaceinniion where at least two doses 
of 1 (Ag MA |I79| were required for protection 
against inlluen/a and 3 ihi.ses of 3.5 (.up of RSV 
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proleiji were required Ibr proieclion against an RSV 
challenge 1.1.36]. In intranasal studies using BALB/c 
in our laboratories, good seruni antibody responses 
and proieclion wore only seen with two high ilo.scs of 
inlluenza-ISCOMs, consisiing of 5 ixg HA and 10 
H,g of cither Quil A or LSCOl>REP '"''703 ( rablc 3). 
These experiments were carried out in non -anacsihci- 
iscd mice as anacsdielic tends to enhance responses 
even with small doses of vaccine, possibly due lo 
uptake via the lungs, r-urlhcr studies have also shown 
priming of peptide specific CfJ. cells after the 
application of ISCOMs intranasally [I39|. 

Results obtained with oral vaccination using 
IvSCOM vaccines have been variable, with partial 
protection /clearance reported in some systems j IHO - 
IH2j and none in others | I83J. No studies have been 
reported yet on the use of QS '2I in oral or intranasal 
vaccines although there arc reports of the successful 
use of a nuKlKied (deacylaicd) form of QS-21. for the 
intranasal delivery ol" insulin |36. 184|. There is some 
attraction to the iual rcmle if saponins can be used 
effectively Ixxausc of the very low toxicity of orally 
applied saponins 1 1 1, 150,151 ]. However the local 
and systemic loxicily surrounding I he use of 
saponins intranasally has ycl lo be fully dcierniineil. 
Results for IM and S("* adminisiralii)n have i:cnerally 
l)een more consislcni and all anin>al and human 



vaccines currently being devclO[xul utilise these 
routes of administration. 

ISCOM based vaccines also have the ability lo 
induce CTL which may be iniportanl in the protec- 
tion/recovery from some viral infcctitms and in 
immunolheiapy. The induction of CTL against spe- 
cific aniigcns has been demonstrated for a number of 
ISCOM based vaccines in both mice and non-himian 
primates. The ability of ISCOMs and QS-21 to 
induce CFL's seems to he more potent, compared to 
other adjuvants 19,140]. Unfortunately, only a few 
studies have been completed comparing the relative 
potency w*ith respect lo CTL induction and tt is not 
known whethei- any of these rcsulls can be re- 
produced in liumans. 

9. Vaccination in the presiuicc of maternal 
antibodies 

An area of concern in some dcvclopin*! counirics 
is that vaccination is rec|uircd very early in life. The 
failure of vaccines to protect babies can often be 
linked luah levels of maierna! antibodies, as has 
been .seen wiih measles vaccines 1 185], To determine 
if a vaccine iitili/ing ISCOMs could overcome this 
problem van Binnendijk el al, (1861 looked at the 
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A/IM^X/.V! injliicn/:». lini^nni-sih^cisai ini<:c wvro ''.iw*!) I > onw.) t!ic. MiiiV!^ of Ihc noso tisin:.' ;in ;iiilopipcHc ami ;\)lov.v.*.I U) inMc ilic 
jiMimilalion niuuinlly. Inlramisjil fiosinj.'^ v-a.s cjirricii (^u al 0 and /:l {.la>s. nilco uc»o hWA I I tliiyj; later aiul cl\allcnj;ctl with Xww A/l'k8/'.VI 
iiiilucM/a vints, ISCOMs wore made, wiili IS(,H)PK):P'*''VO'^ .»;aponir\. 
* Inllucn/a I I. A was esdmalcd l<> be ii))proNiinaioly one ihifd of iho loial iiinuen/a protciji. 
CrenMKMnc mean lilrc laleidalod l>y Bl.LS.A usinii plaies coated with .A/I'KS/lVi whole ly.<i;ae. 
'* Mice wore challenged v.ilh ap))tX)xiinalely I K lO" TCII);^., of live hoinohvjous A/PRX/.M iiinueu/,;i virti.s and jnoniiored lor liinical 
sympionis, daily wvti.ulu loss and death. Weight change is the mean oC ihc \vei}:hi cliantjcs iVom (he <l:iy orchnUcngc («» day $ |Mis1 challc'-iigc. 
' This j;ro«p rireeived the. rju-l.sconi.s sulKuiane,o\isly i\s a shudc di)sc ai day 0. 



/.(;. liarr a at. / Advmaul Druf* t)vM\rjy Rcvwwx 32 (199H) 247-271 



response using an ISCOM based vaccine containing 
measles hemagglutinin and liision proteins. They 
compared ihis vaccine with a live allenuated measles 
vaccine and a recombinant vaccinia vims expressing 
the same proteins in macaque monkeys in the 
presence or absence of passively transferred measles- 
specific antibodies. As little as O.l I.U of virus- 
neutralizing antibody/jiil of serum abrogated the 
induction of virus neutralizing antibodies in monkeys 
vaccinated with »he attenuated measles vaccine or 
with vaccinia vims expressing !hc measles proteins 
whereas vaccination with measles- ISCOMs elicited 
higii liires of such antibodies ( J 86]. 

Studies in horses have demonslrated ihat JSCOMs 
containing envelope antigen from Hquine Herpes 2 
• virus elicited vims nentrali/.ing aniibodies in two 
week old foals in the presence of maternal iuitibodies 
and the ISCOM vaccine induced protective immunity 
against disease whereas conventional vaccines were 
unsuccessful |187|. These resiilis suggest thai ad- 
minisiraiion of aniigcn in ISCOMs can override the 
negative effects of niaternal antibodies on vaccina- 
tion efficacy. Movvevcr» the n^cchanisms by which 
Ihis is achieved remains to be clarified. 



10, Vctorinary vaccines using saponin based 
forniulati(ms 

While there am u number of commercial vol 
erinary vaccii\es which mi.li.se Quil A or cmde 
saponins, ihcro arc <inly iwo licensed \;iccine.s lhat 
utilise I.SCOMs or QS-21 with anoihor Iwo undergo- 
ing evaluation. Brief details of these xK.wiw sajjonin 
based vaccines are (uit lined below. 

10. f. iSCOVAC rUJ va'"' 

Tlie only licensed veterinary ISCiOM-based \ac- 
cine is used lo protect horses ivom eijnine inMuer)y.a 
and has been i^roduced by Iseoiec (Sweden) and 
Mallinckrodt (UK) since 1989. It contains two 
strains ol^ inactivated equine infliien/.a vims and ;>()0 
p,g of Quil A |9|. l-rom the lime the product was 
launched, ovci* I million doses of the vaccine have 
been .sold in Sweden with no reported adverse .side 
effects. 



J 0.2. Quilva./^^ programs 

This range of products is being developed by 
Aquila Biopharmaceutieals. Quilvax-FeLV is 
given to cms to prevent feline leukemia and was 
launched in 1990/9] 1 157,188,189). It contains 
recombinant. FeLV gp70 atitigen absorbed to 
AI(OH,) and is .supplemented with 20 iig QS-2L 
fhis product is availnblc in the US and Europe. 
QuilvaxT.. ' has received marketing approval for the 
|>rcveniion of canine Lyme di.scase. It contains 
recombinant (XspA and OspB, the major ouier stir- 
face proteins of Borndia burf>(lorfen, formulated 
with .'^O |xg QS-21 I KS8,I90|. Qoilvax-M is being 
developed for the prevention of bovine mastitis. It 
contains coli antigen and fibronectin binding 
protein, derived from ,V. aurms, antibodies to which 
prevent bacterial adhesion in vivo. 



II. CHnicul testing 

(.!linic.al trials base IxuMi eon^plcled usiii<.», both 
ISCOMs and ISCOM matrix containing jnirificd 
saponins (lSCOPR]il>'-''703) and the highly pmified 
saponin QS-21. At this stage only .safety (to on the 
local and systemic effects of lSC:OM matrix in 
human volunteers has been published | )66|. At doses 
of 2,S to 200 jjLg. ISCOM matrix cau.sed a mild 
ache/pain at the site {)f injeciii^i, with on.sei at I- IA 
h and duration of 4-48 h. The effect was not strictly 
cori-elated with dose as .'1/6 patients reoei\in,f> 200 
pg and (yU paliems receiving |0() rejxmed jxnn 
v^hcrcas -1/8 volnnicers rcp<M'ted a similar effecl with 
placebo {I6r->1. There was only occasional incidence 
of headache, pyrexia or drowsiness for voluniccrs 
given ISCOM matrix and (his occurred ;il ;i sin)ilar 
IVetiviCncy in the placebo j;,oup j I66|. Phase 1 
Clinical trials wiih indncn/a-isCOMs and inlluen/.a 
combined with ISCOM matrix are currenilv under- 
way. 

CMinical trials sviih QS 2 f in a melanoma ininumo-. 
therapeulie C.M2 ganglioside-KCll vaccine were 
used to demonstrate enhanced and |)rolongod IgO 
and IgM antibody litres to the CJM2 1 19l-I93|. TtVis 
product is now in Pha.se III (rials. Doses of the GM2 
ganglioside coupled to Kt.M when given with |()0 
ftg of QS-21 SC induced mild local tenderness and 
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infliuiimation at U\e dose site which hasted for 2 to 4 
(lays with brief but low grade fever x\\\^ mahiise with 
no significant incapacitation 1192). A 200 (jLg dose 
QvS-2] plus vaccine caused unacceptable local and 
systemic effects including fever and malaise in .10% 
of the vaccinces with visible h)cal reactions and 
disconiforl in the injected extrcjnity for 5-10 days. 
The 100 p.g dose of QS-21 was delcrnnned as ihe 
optimal dose with this vaccine 1 192). Further clinical 
irialsof QS-21 wiih WIV-1, HSVand influen/a arc in 
progress [11]. Interestingly (here appear to he plans 
(o tesi other purified saponins such as QS-7 [11], the 
sa|X)nin fraction with the lowest lethal toxicity from 
the four most abundant saponins purified from crude 
saponin [191. 

12. CoiicliisionK 

The approach of using saponin based vsiccine 
delivery sysienis has been considerably rehned since 
ihc lirst trials in the 1950s. When one examines the 
specificalions for OS-21, purity >:98*>^; by RP- 
HPLC, identity by PAB inass spectroscopy and 
infrared spectroscopy, residual tnoisfure 5%, 
endoloxins 1.0 U/mg, residual solvents rn;50 ppm 
each; |42|, some appreciation is gaine<l for the 
efforts ihiit have been invested into the purificalion 
oi" saponins and the increasing undeisLanding <)f the 
mechanisms l")y which this novel class of iidjuvanl 
act. Some purified fraclion(s) of Qnillaia saponin, 
cither free or incorporated into IS(X)Ms or ISCOM 
matrix may however si ill be too rcaclogenic f(^r use 
in hunums wiih particular vaccines and other s;iponin 
species which appear lo liavc Inv.cr rcaciiviiy. such 
as OS-7, may be needed. Alternatively, saponins 
will) very low toxicity might be rcservetl for pediat- 
ric vaccines. 

A cleaicr picture is being developed wIlli respect 
to which saponins irigger spccilic immune cellular 
responses as the type of cytokines induced by 
saponins and ISCOMs are determined. While d^e 
classic ThJ cytokines ll'N-'y and II..-2 are induced in 
;ibundanec l>y vaccines containing Q.S-21 or IS- 
COM s, there is now clear evidence thai Th2 cyto- 
kines are also induced with some proteins and this 
jnay have a significant elfcct on the level of protec- 
tion Dblained by vaccination against particular dis- 



eases. Another critical fuiding for saponin based 
adjuvants will be whether QS-21, ISCOMs or 
ISCOM matrix, when combined with various anti- 
viral and anti-cancer vaccines, are able to induce 
significant and sustained levels of active CTL in 
humans. 

Several other questions remain to l^c resolved, 
such as whether there will lx^ an immune response 
generated to these new vaccine components and what 
this effect might have on sub-secjuent boosters or 
other vaccines using these components. 'I*he initial 
finding for QS-21 is dial no antibody response is 
induced to QS-21 in human trials 1 192| or in animals 
to ISCOM components | [ I4|. Other remaining ques- 
tions include the levels of TgB generated with 
saponin based vaccines and the crucial quesiit)n of 
longevity of the imnuine response that is generated. 
Thus, the promising area of saponin based human 
vaccines have entered a signilicant stage in their 
development with ongoing human clinical trials and 
die results over die next few years will determine 
dieir future applications in human medicine. 
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The aim of the present study was to elaborate a carrier 
system for haptens and synthetic peptides, making them 
Immunogenic without addition of Freund's adjuvants. As 
carriers, preformed iscoms and micelles as well as BSA have 
been compared. The iscoms and micelles were prepared with 
envelope proteins of an influenza virus. As a model hapten, 
the small molecules of biotin were coupled to iscoms to 
determine the optimum epitope density for induction of an 
enhanced antibody response to the hapten. The most efficient 
carrier tested was the preformed iscom at an epitope density 
often biotin molecules per viral protein in the iscom. This 
carrier system exceeded the efficacy of both the preformed 
micelles and BSA, the latter with or without addition of 
Freund's adjuvant. A favourable epitope density could not be 
achieved when each of two different synthetic peptides was 
conjugated to iscoms. Epitope densities higher than one to 
three peptide molecules per protein lead to polymerization of 
either the peptide or the carrier. The coupling agent was 
glutardlaldehyde. 
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